1. Introduction. The response of a superconducting material to an externally imposed magnetic field is most conveniently described by Fig. 1 For type I superconductors there is a critical magnetic field Hc below which the material will be in the superconducting state but above which it will revert to the normally conducting (normal) state. The transition between normal and superconducting states as the applied magnetic field is raised or lowered through Hc takes place by means of phase boundaries separating normal regions from superconducting regions sweeping through the material and is described in [10] , [13] , and [22] .
For type II superconductors a third state exists, which is known as the mixed state. The mixed state, as its name suggests, is neither wholly superconducting nor wholly normal but consists of many normal filaments embedded in a superconducting matrix. Each of these filaments carries with it a quantised amount of magnetic flux and is circled by a vortex of superconducting current; thus these filaments are often known as vortices. The transition from the normal state to the mixed state takes place via a bifurcation as the magnetic field is lowered through some critical value He2 (known as the upper critical field), and is described in [1] , [5] , [11] , [12] , [23] , [25] , and [26] .
This bifurcation is subcritical for type I superconductors but supercritical for type II superconductors; hence, although the mixed state exists in type I superconductors, it is unstable and therefore observed only in type II superconductors.
The transition between wholly superconducting and mixed states is studied in [9] . The critical field Hc plotted in Fig. 1 (known as the lower critical field) is calculated on the basis of an energy argument; it is the field at which the energy of the wholly superconducting solution becomes equal to the energy of the single vortex solution for an infinite superconductor. It is found in [9] that there is a barrier to the generation of vortices and that there exists a "superheating field," Hsh, such that for fields Ho < Hsh vortices will not be generated even though the wholly superconducting solution may not be the minimum energy solution. 
This is the familiar Biot-Savart law.
The asymptotic behaviour of (7) as the point x approaches the vortex line is given by [28] In actual fact equations (1)- (2) 
J r where r, e0, C, and b are as before. 
v curlHAd.
Remark. Note that equations (41) and (42) (10) we were assuming that the magnetic field relaxes instantly on the timescale for the motion of vortices. In this approximation the normal current flowing in the superconducting material has been neglected in comparison with the superconducting current, except in vortex cores. To be consistent a similar approximation should be adopted in fte, giving j 0 there. For most practical applications it will indeed be the case that the current in the external region is negligible in comparison to the current in the superconductor. For the few situations in which it may not be the case the general question of how a normally conducting current becomes a superconducting current as it passes through a metal/superconducting interface needs to be addressed, but this is beyond the scope of this paper.
We now have enough conditions to determine H if co is given. The need for additional boundary conditions on co depends on whether the characteristics of equation (40) It is found experimentally [3] , [4] and has been examined theoretically in [9] that no vortices will be generated at the boundary until the current density there reaches a critical value Jnuct, which we call the nucleation current density and which is a material parameter which will depend among other things upon surface roughness.
Thus if curl HI< Jnuc we should have co 0, indicating that no vortices are coming in through the boundary.
When the current density is high enough to generate vortices at the boundary, we postulate that the rate of production of vorticity, i.e., the flux of the vorticity through the boundary, will be proportional to the excess of the current density over the nucleation current density. In two dimensions this leads to the condition respectively. The analysis in [9] indicates that vortices are generated when the electric current density, rather than the magnetic field, becomes too large; thus we would conjecture that the former of these conditions is the more realistic.
In the limit as c -oc the production of vortices when the current density exceeds Jnct is so rapid that the current density will be immediately reduced to Jnc, and the boundary condition becomes (57) and (58) (47)- (49) and (67)- (69) then give (70) at ( Various scales of pinning sites can be introduced. One possible scenario is that of many small pinning sites outnumbering the vortices. In this case it is conjectured that a vortex will not move until the current at that point exceeds a certain critical value, the depinning current Jpin, required to break it away from its pinning site. Once moving the direction of the velocity of the vortex will follow the Lorentz force as before, but the presence of a sea of pinning sites will also slow the vortex to beneath its ideal speed. Once the depinning current has been exceeded, the velocity may again be linear in the current density (as in Fig. 3 ), or it may be that the curve asymptotes to the ideal curve (as in Fig. 4 where f is the function graphed in Fig. 3 or Fig. 4 .
Note that the velocity of the boundary is not given explicitly by the boundary conditions but is implicit. In particular, unlike the interface conditions of 5, the velocity of the boundary is no longer equal to the local vortex velocity.
If the density of pinning sites is nonuniform throughout the sample, then the depinning current Jpin will be a function of position. It will also be a function of temperature, and thermal effects could be built into the model this way. In particular thermal fluctuations can be modelled by incorporating fluctuations of Jpi. it may also be that Jpi is a function of the magnetic field H. Further investigation of the nature of pinning is needed to clarify this possibility.
Large-scale pinning sites may be incorporated into the model if we introduce a pinning potential into equation (43) Hall effect. In the law of motion (15) the velocity of a vortex has been taken to be in a direction perpendicular to the current. In fact there is also a component of the velocity in the direction parallel to the current, due to the Hall effect (by which a moving charged particle is deflected by a magnetic field). This component is generally small in comparison to the Lorentz component (about 10%) but could easily be included in the law of motion if we simply add another term to (15) .
